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By Thamas V. Bollech and George L. Pratt 

An investigation has been carried out at a Reynolds nuniber 
of 6,800,000 t o  determine the l w p e e d  la teral   control   character is t ics  
of a 2&percent-chord half'pan outbomd aileron on a wing swept 
back 42O at  the leading edge. The wing incorporated NACA 6b1-U2 a- 
foil sections perpendicular t o  the 0.273 chord lzne and had an aspect 
r a t i o  of 4.01 and a taper   ra t io  of 0.625. 

The lateral control, aileron Mng-nt, aileron load, and 
balance-chambercpressure characteristics were detemhed for the wing 
with and without h i g b U f t  and s ta l l -cont ro l  devices for an WWf- 
attack range fram -b3 through the stall. 

The resu l t s  of the  inpestigation  indicate that at low total 
aileron  deflections the r o w  mcmente produced were not influenced. 
by model configuration. A t  large t o t a l  a i l e r a  deflections (500), 
lower values of r o w  mamente throughout the angle-ofdttack range 
were obtained for the flapdeflected  conditione than for. the  plain wizg 
because of the loss  in  effectiveness of the dawngoing aileron. 

F~X a t o t a l  ai leron  deflection ~f 50°, 1ongit-l t r a  Changes 
were obtained for the  flapdeflected  conditions xhich would reqgtre a 
a m a l l  degree of elevator t r a v e l   t o  balance. 

The ra te  of change in aileron hinge moment with deflection  in a 
steady r o l l  C h r  of the unbalanced aileron wae approximately  constant 
in  the low an&Mf+ttack range and decreased  appreciably in the 
higher angle-ofettack range f o r  the plain wing and f o r  the wing with 
leading- and t r a i l i v d g e  flaps deflected. The addition of fences t o  
the f lappd  configuration resulted in a more constant  variation of chs ' 
with angle of attack. Accordingly, o n l y  f o r  the   l a t te r   case  was the 
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The calculated  value of the rolling-effectiveness parameter for 
the plain wing at  zero angle of attack agreed within 2 percent with the 
experimental value. 

One of the many l m p e e d  problau associated with the uae of 
highly swept wings is the  difficulty  in  providing adequate lateral  
control ,   pzt icular ly  in the region of maximum lift. Presentrday 
experimental data on the  aileron lateral control  characteristics of 
swept wings are largely Umited t o  1-cale resu l t s  such as reported 
Tn reference 1. In order t o  provide data at high Reynold8 nuuibers, an 

swept wings has been undertaken in the Langley 1p-foo-t pressure  tunnel. 
As a part of the l a t e r a h o n t r o l  investigakton a t  large scale,  the 
aileron control  characteristics of a 42O sweptback wLng incorporating 
circ-c sections and of a 3 7 O  sweptback wing incorporating 
mACA 64+2 sections have been presented i n  references 2 and 3, 
respectively. 

, investigation of the low-speed aileron  control  chamcteristics of 

The lateral  control characteristica for a 4 2 O  sweptback w i n g  
f i t t e d  with a 2Wpercen.Gchoz-d half-apan outbard aileron are presented 
in  this pap&. The wing incorporated. NACA 6&1-U2 sections perpen- 
dicular t o  the 0.273 chord Use and had an a q e c t   r a t i o  of 4.01 and. 
taper r a t f o  of 0,625. The aileron lateral cmtrol   cbaracter is t ice  &re 
presented  together with the aileron load characteristics and balance- 
chamber presswee for the plain wing and for the - equipped with 
higb-lift and. stal l rcontrol  devices. These devices  included extemible 
roundrz1oee l e a d i n g - e d g e  flap, trail ing-edge  spli t  flaps,  and u p p e p  
surface fences .. 
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All data axe referred t o  a 
in the plase of a-tq at the 
aerodynamic chord. The agmbola 

cL lift coefficient (F) 

c Z  rolliaag-mament coefficient ?YSb =? 
C aileron load coefficient,  positive in up dfrection 
Za 

load measured p e r p e n d i c b  t o  wing chord 

@a 

PR resultant  aileron balanct+chamber-preasurs coefficient 
'Pressure below seal - Pressure abwe 

Q 

E 

b 

P 

V 

ailerun-seal leakage fac ta?  

( 1 l -Preasure  difference acroas seal 
Pressure dffference acroas vents 

free-etream dynamic peasure, pounds per square foot 

wing span meaeured perpendicular t o  plane of apmsbry, feet 

mss density, sluga per  cubic foot 

free-atream velocity,  feet per second 
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Ma 

S 

Sa 
- 
C 

twice mQment area of aileron measured behind aileron w e  

line,  cubic  feet 

wlng mea, square feet 

aileron area behind hinge line, 13qua;re f ee t  

wing mean amdynamic chard measured parallel t o  plane 

ca root-meaTwquare chord of aileron measured n-1 t o   a i l e r o n  
hinge Une, feet 

local   a i leron chord measured perpendicul.e,r to   a i le ron  hinge 
line 

C local  wing chord measured parallel  t o  plane af spxs t ry ,  feet 

C' local  wing chord measured perpendicular t o  0.273 chord 
line, fee t  

root-mearwquare chord of hypothetical  aileron  balance 
measured ahead of and normal t o  aileron hinge line, fee t  

h sweep angle of wing leading edge, degrees 

Y spanwiee coordinate, f ee t  

a angle of attack, degrees 

%ota l  arithmetical sun of equal up and down aileron  deflections 
for an assumed se t  of ailerons 

C 
18 

r a t e  of change of r0lLtng-n-t coefficient with aileron 
deflection 

% rate of change of aileron hing+manent coefficient with 
aileron deflection 

. 
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c% r a t e  of change of aileron hing-nt coefficient wfth angle 
of attack 

% rate of change of aileron balanc~hm&r”reseure   cod-  
f icient  with  aileron  deflection 

p% 
rate of change of aileron balancwhambespeasure coef- 

f ic fen t  xith angle of at tack 

%’ r a t e  of’ change of aileran hingmaaent coefficient in  steady 
r o l l  with aileron deflection 

The wing was constructed of laminated mahogany t o  the plap form 
shown in figure 1. The sweep angle of the leading edge was 42.05O, 
and the  ah-foil  sections  perpendiculaz t o  the 0,273 chord Une 
were HACA 6&+l2 sectiom. (The 0.273 chord line carresponds t o  
the 0.25 chord line of the wing with unswept panels. 1 The aspect 
r a t i o  of the wlng was 4.01 and the taper r a t i o  wat3 0.625.  The wing 
t i p s  were prabo l l c  in plan form and e l l i p t i c a l  in croes  sectfon. The 
wing was constructed with no geamatric dihedral ttri8-b. . 

The wiw was f i t t e d  wtth a 0 . 2 0 ~ ~  ha l f ”  outboard aileron 
instal led on the left wing panel only. The aileron wae of an 
internally seal..& unbalanced tm and had a flrs;Gsided  costour with a 
II.10 trailing-edge angle measured perpendicular to the U g e  lfne. 
The atileron hinge mcments and aileron loads were measured by 
resistanc+ty-pe e l ec t r i ca l   s t r a in  gages. The aileron seal was attached 
in such mnmr that maments and forces  tranemitted t o  the aileron were 
negligible. Except for cutouts t o  allow far the instaUation of 
strain gages, the seal extended. the full span of the aileron. A 
total of 12 pressure  mifices were installed in the balance chaniber, 
six above and six below the   sea l  t o  provide a measurement of the  
pressure  differential  across the seal. D e t a i l s  of the aileron are  
shown in   f igure  1. 

The lead” f laps  used in the  investfgation w e  of the 
roundrllose exbnsible  type with a con,8taat chord of 3.19 inches and 
extended. frcm 40 t o  97.5 percent of the samispan. The deflection of 
the  flaps waa a;pproximately 50° with reapect t o  the section chord 
perpendicular t o  the 0.273 chord line. 
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Spl i t  f l a p  wBTe US& aa the   t ra i l inpedge   h igh-Ut  device in 
this  investigation and had a chord of 20 percent of the wLng chord 
meaeured perpendicular t o   t he  0.273 chord line (which corresponds 
t o  18.4 percent of the wing chord measured parallel t o  the plane of 
aymmtry) and. extended from the plane of 8" t o  50 percent of the 
samispan. The flaps were constructed of 1 -inch  sheet  steel and were 

attached t o  the wing a t  an angle of 600. The angle between the  f lap 
chord line and the lower surface of the w3n.g thereby  conetftutes the 
angle of f lap  deflection and i'B measured perpendicular t o  the 
0.273 chord l ine.  

16 

The uppe-urf'ace fences were located a t  50 percent of the wing 
eemispan and. w e r e  constructed of 1- inch sheet steel cut t o  f i t  the 

upper surface of the win@;. The fences extended frm 5 percent of the 
loca l  chord t o  the wing t r a i l i ng  edge. The height of the  fences wae 
a rb i t r a r i l y   s e t  a t  60 percent of the  thickness of the  local 
a i r f o i l  section parallel to   the  plane of symmetry. 

16 

Details of the higLI-ift and stal l rcontrol  devices are  shown 
in  f igure 2. 

The aileron  Lateral  control  characteristics and the wing lift, 
drag, and pitchingaoment characteristics were determined for the plain 
w i n g  and the wing equipped wfth high-Uft and stall-control device8 f o r  
an  angle-of-attack range frm ICo through the stall and for an ailerorr- 
deflection range fram "25O t o  25'. 

All data have been reduced t o  nondimensional coefficient form. 
Correctiona for support t a r e  and interference have been applied t o  all 
force and mcunent data. Je"2Iomdary  correctione determined by meane 
of reference 4 and air-flo-aalimmnt  corrections have been 
applied t o  the  angle of attack and drag coefficient. In addition,  a 

c 
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Jetrboundaq oorrection has been applied t o  the pitching mamat. 
Comections for jehbouPdasg effects on r03Ul.n.n and yam mcrmentB 
were found t o  be mall and therefore have not been applied. 

As ireviously stated, the  aileron seal was not  contirmous along 
the span of the aileron due t o  the installr%tion of the s t r a w g e  
beams. T h i s  diecontinuity resulted in scam degree of l d g e  ~ O S E  
the seal. A 0allbra.tian of the leakage through the aileron seal 
indicated a mge factor E of 0.13- The resultant balanc-harmber 
pressures presented herein have been corrected t o  a lO&percent eealed 
canditian. no correction for  the  effecte of leakage an the  aileron 
hingmament and load cbarscterist ics ham been =de t o  the data since 
the amount of leakage (based an effeotive gap me& defined in 
reference 3) was found t o  be very man, and the  effects axe believed 
t o  be negligible. 

lateral   characterist ics.-  The aileron  characteristics for the 
plain and the wing equipped wlth h i g h ”  and s taUrcont ro1  
device8 are presented in  f igwee  4 t o  6. Attention iB called t o  the 
fao t  that the rolUngammnt  coefficienta for the plain wing are ncrt 
faired berond angles of attack near lift. Beymd that point 
the lift curve levels off and, as  a result of the varying degree of 
flow separation that exLsted on the wing at the high angles of attack, . 
the rollbgdmmnt d a t a  be- very errat ic .  Yawing momeats for 
intermediate  aileron defbotfona h v e  been atted *an figures 4 t o  6 
i n a m c h  a s  the variat ions were found t o  be mall asd. can be a s s w d  t o  
be approximately linear through the range investigated. 

The variation of C2 with aileron  deflection  (fig. 8) (for the 
ph- condition) was approxhately the 8 & m ~  for correepondlng 
positive and negatlve  aileron  deflections for all of the angles of 
attack investigated.. On the other hand, with lead- and trallhg- 
edge flaps deflected, tb. value0 of Cz for positive  aileron 

a 
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deflections were lmr t b  those obtained for the carreaponding nee 
tive  defleotions. T h i s  effect  increased with angle of attack. T h e  
addition of uppe~urface fences appeared t o  have little effect on 
improvijng t h e   f h p d e f l s c t e d  aileron effectiveness. The r e d m  
aileron. effectiveness at large positive aileron deflection8 for the 
wing with high-llft and stall oooltrols deflected waa rmted ip 
reference 2 where aileron t e a t s  were made on a wing of approxjnmtely 
the 8ame plan form but inoorparating biconvex a i r f o i l  sections. 
Coraprehenaive infmm%tian f'ram which 833 exact reason cauld be obtained 
fcrr the loss in aileron effectiveness w&s not available; howevm, it 
may be due in part t o  the existerne of sane degree of flow separation 
in the region of the aibron a13 is indicated by the Ilft and moment 
cha;racteriertics obtained. 

A camparison of the variation of C with angle of' attack for 
28 

wious model configurations  (fig. 9) indicates that the va-8 
of czg (at S, = 00) were approxhateb  the  me for a n  model con- 

figurations investigated up t o  an angle of attack of approximately 10' 
where 'c for the p b i n  wing ~tartd t o  decrease. The value of C 

26 I& 
for the wing d t h  l.eaAbg- and trailbg-edge flaps deflected was 
slightly greater throughout the higher angL+of-attack mqe. For the 
condition. with leadhg- and trailing-edge highdWb devicea and wpm- 
surf'aue fences, s t a r t e d  t o  decrease at an angle of attack of 12O 

and at an an& of attack of 16O was 50 percent lower than that obtained 
for the plain wing. T h e  experimental value of C obtaiped f o r  the 

pla in  uing at zero angle of attack was 0.00105. A value of C 

of 0.00103 m a  calcu3ated for the 88me test candLtian by the methd of 
reference 6 and i a  witfi 2 percent of the experimental value. 

C28 

=a 
b 

A t  zero -le of attack, favorable yawing mcnnents were obtained far 
all model configurations (fig. 7)3 however, &a the angle of attack was 
i nc rwed ,  the yam -rite for all configuratiaae became adverse. 

P i t o h i m g a m n t  chrauterLet ic~ . -  The incremapter of pitc- 
moment due t o  positive and negative aileron  deflection8 mre approxi- 
mately equal for the plain. wing but were unequal in the caae of the 
wing with h i g h =  and s h U o n t r o 1  devices b f  lected (f fga. 4 to 6). 
As in the , c a m  of the rollfrv+mrmnt  oharacterist3cs, the large positive 
aileron deflectione produced a emraller incrament in pitc.hin@; mamtept thas 
carresponding negative deflecticxns. Based up- the  results of 
horieontal-;tail te&s of reference 7 aSa asa'Lrming tbat the  elevator 
effectivensss would be 50 percent of t h e   s t a b u e e r  effectiveness, it 
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is estimated that slightly less than 2O elevator travel would be 
necessary t o  cmnteract  the  pitching mament result ing fram a total 
ai lerm  def lect ion of Po for the  fhpdef  lected  configurations 
throughout the a n g d f - s t t a c k  range. 

Hingmoment characteristics.- A representative  plot of the vari- 
ation of ai1er.m hinge mamsnt with aileron  deflection is shown in 
figure 10. The effect  of higblift and staUrcontrol  devices on the 
aileron hing-nt parameters, C%, Ck, PRs, and P is shown 

i n  figure 9. Ho appreciable  effect on ch8 was noted when leading- 

and t r a i w g e  flaps -re deflected.; harever,  the  higlblift  devices 
caused a. decrease in C i n  the hfgher mgle-of-attack range. 
w e p t  for very low angles of attack, the addition of l e a d i w  
and t r a i l i m e  flap8 increased  the value of In the  case 

of PR,, the addition of h igh ld f t  devices reduced the  values of P 

in the  higher  angw'ttack m e  and thereby  reduced  the abrupt 
hcreased in P obtained f o r  the plain  wing. In the 1-r -1- 

of-attack range the additim of flaps served t o  increase  the values 

Ra' 

h, 

pRs 

*a 

RQI 

of P%. The addition. of uppeMurface fences produced variations of 

the aileron h i n g n n t  par&mters which were More uniform throughout 
t h e   a n g l d d t t a c k  range. 

The variations of C with angle of attack f o r  the varioue ha; c% 
model configurations  investigated axe presented in figure ll. Iarge 
positive values of Ck:Chs w e  obtained in the high ang-dttack 

range far the  plain wing and the wing equipped with leading- and 
t r a i l i w d g e  flap. T h e  addition of u p p m u r f a c e  fences t o  the 
l a t t e r  configuratdon greatly reduced the large values of 

obtained in the hfgh angl-f-attack range. 
cha/ch8 

Based upon the  analysis of reference 8, ValU06 of C in  
halChS 

excess of 2.0 are  likely t o   r e e u l t  in large values of the r a t i o  of peab 
f o p e  obtained a t  the ini t ia t ion  of a roll t o  the steady force in  the 
roll with the  possibil i ty of ob3ectionably high s t ick  forces during 
the rapid in i t ia t ion  and reveraal of a n  aileron roll. It can be seen 
frcm figure ll that f o r  the plain wing and the wing equipped with 
lead- and trai-dge f h p s  an analysis such as presented in 
reference 8 would be necessary t o  insure against the  poseibi l i t r  of 
obtaining excessive stfck  forces in any particular design. . 
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A possible h i g h p e e d  f l i g h t  arrangement may jacorparate an 
aileron with a geared tab and no aerodynamic balance. Although th ie  
particular type of design mag prove satisfactory in sane instames, it 
should be pointed  out that high positive values of 

attained  in  practice through the w e  of t h i e  type of l a t e r a l c o n t r o l  , 

arrangement It is  evident, therefore, that a geared- tab arreLngamsnt 
without  aeroQnamic  balasce w o u l d  not prove aatiefactory faor this 
particular case, inaamuch a s  it would tend t o  aggravate the already 

ChalChs 
We 

large positive  values of ChalChs- 

Another approach t o   t h e  h i g h p e e d  f l i gh t  problem is t o  incorp- 
ra te  in  the  aileron desi- sane degree of aerodynamLc balance. In  an 
e f f o r t   t o  show the effect of an internally sealed aerodynamic balance 
on Chst ( the  ra te  of change of aileron hinge moment with  deflection' 
i n  a steady ro l l ) ,  some calculations by m e a n s  of equations  presented 
i n  reference 2 were made for various degeea of aerodynamic ba1anc.e for  
the  configurations  investigated and are  presented in figure 12. It can 
be Been that in  the cam of the plain wing, the degree of  aerodynamic 
balance  required  for chgt = o vcxr~es from appoximstely 45 percent 
of the aileron chord at a = 0" to 50 perceat 9.t 3c = 1.6'. With f lags  
deflected, the required aerodynamic balance varied from apgroximatelg 50 
t o  30 percent of the aileron chord f o r  angles of attack of 0' and 16O, 
respectively. With uppercsurface  fences  installed, the seroaynamic 
balance  required was approximately 50 percent of the alleron chord 
throughout the  eagle-ofettack range. 

Aileron l a d  coefficientsa- The aileron load coefficients aze 
presented in figures 4 t o  6 for the pur-poee of euppuing design infor- 
mation on the aerodynamic forces that would be  anticipated cm a 
geametrical similar aileron. Due t o  the Umitatioas of the strain-gage 
arrangement, it was not  possible t o  measure the aileron drag forces 
p8n%llel t o   t h e  nlng chord Une and, therefore, no attempt was &e t o  
present t r u e  no-2-f orce  coefficients 

Froan an investigation of the lateral   control  chmacterist ice at% 
Reynolds number of 6,800,000 of a ving with the leading edge swept 
back 4 2 O  with and without h i g k l i f t  dsvices, the followin& conclusions 
can be made: 

1: A t  law total   ai leron  deflectians the ,rolling mcsnent8 produced 
were not influenced by model configurations. A t  Large to ta l   a i le ron  
deflections (500), lower valuea of r o U h g  mansnts throughout the 



ang-dttack range were obtained far the f l a m f l e c t e d  canditicma 
than for the plain wing became of the loss  in  effegtivenees of the 
darngoing aileron. 

2. FW a t o t a l  aileron deflection of ~oO, longitudinal trim changes 
were obtained far the  f lapdeflected  conditiom which would require a 
amall degree of elevator travel t o  balance. 

3. The hinge mament of the unbalanced aileron was app?o”tely 
uniform in the low &n&-of-a.f;”ack range and decreased  appreciably in  
the higher ang-fdttack range for the plain  wing a d  for the wing 

fences t o   t h e  flamed configuration resulted in a more uniform hinge- 
mament variation. Accordingly, only for  the latter case W ~ E  the 
aeroaynamic-balance requirement essentially  conetant throughout  the 
anglMf-a;t;taclc range. 

with l&ing- and. t r a i u - d g e  flaps deflected. The addition O f  

4. The calculated value of the rolling-effectfveness parameter for 
the plain at zero  angle of attack agreed within 2 rercent with the 
experimental  value. 

langley Aeronautical I a b m t o r g  
National Advisory CaPmnittee far Aeronautics 

langley A i r  Force Base, Va . 
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Blgure  1.- Layout of  42’ meptbaok wlng and aFlaron detaFla. A l l  d%nensiona in inohes. W i n g  
area, 32.24; aspect, ratio, 4.01. W 
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Section 6 - 6 
h/orged/ 

-C 

Figure 2.- Detail8 of w i n g  high-lift and stall-control devicee. 
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Figure 4.- Aileron chaxacteristics of p l a i n  wmg. 
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Figure 4.- Continued. 
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Figure 4.- Concluded. 
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Figure 10.- The variation of aileron hinge-mmnent characterist’ics w i t h  
aileron deflection for various model configurations. 
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